The properties of 125 GeV new particle, which was discovered in 2012 at the Large Hadron Collider (LHC), are found to be consistent with those of the Higgs boson in the standard model (SM). Hereafter the new particle is dubbed as SM-like Higgs boson. However there is still spacious room for physics beyond the SM (BSM) due to the limited energy and luminosity of the LHC. With more data, experiments will scrutinize whether the new particle is indeed the SM one or not. At the same time, one believes that discovery of the SM-like Higgs boson is just the start of the new era of particle physics. The predominant topic is whether there are others new Higgs bosons as speculated in various BSM models. In this short review we will describe the current status of Higgs physics at the LHC and several BSM models which contain more Higgs sectors. In literature there are numerous studies on extended Higgs sector and a comprehensive review is beyond the scope of this review.
I. INTRODUCTION
The discovery of standard model (SM) like Higgs boson [1, 2] at the LHC is a milestone for understanding electroweak symmetry breaking. The SM can successfully describe the strong and electroweak interactions, and it also provides the mechanism responsible for mass generation, i.e. by introducing one Higgs doublet. Although it is a very successful model, there are many reasons for physics beyond the SM (BSM). Sometime BSM is also named as new physics (NP). Theoretically the Higgs boson suffers from the notorious hierarchy problem [3, 4] . The Higgs boson mass is a free parameter in the SM and could be enormous.
There are many solutions to this hierarchy problem, such as supersymmetry (SUSY) and little Higgs models etc. There are other motivations for BSM like neutrino mass, dark matter etc. In this paper we pay our attention on the Higgs related models. Typically the BSM will introduce more Higgs sectors. Searching such extended Higgs sector is an important task for collider experiments.
In order to seek the BSM, roughly speaking, there are two ways. The first way is to measure the Higgs properties as precise as possible. Any deviation from the SM predictions will be the indication of the BSM. The second way is to search for new particles not in the SM, especially the extra charged and/or neutral Higgs bosons. It is believed that there are likely rich Higgs sectors at weak scale.In this paper, after briefly describing the status of Higgs physics at the LHC and the BSM theory, we will present two recent studies on extra Higgs bosons: (1) detecting charged Higgs boson and measuring the important parameter tan β after including the top quark polarization information, and (2) discovering an extra neutral Higgs boson via pair production of SM-like Higgs bosons.
II. STATUS ON HIGGS PHYSICS AT THE LHC
There are many measurements at the LHC with √ s = 7 TeV and integrated luminosity L = 4.8 fb −1 , and with √ s = 8 TeV and L = 20.7 fb −1 for the most sensitive channels H → γγ, H → ZZ * → 4l and H → W W * → lνlν by ATLAS Collaboration [5, 6] . The CMS Collaboration also analyzed the same channels at √ s = 7 TeV with L = 5.1 fb −1 and √ s = 8 TeV with L = 20 fb −1 [7] . Their results are summarized in Fig. 1 , where κ i is the coupling scale factor. The κ 2 i is defined as that ratio between the cross section σ ii or the partial decay width Γ ii (i represents the specific SM final state) and the corresponding SM prediction. Taking the process gg → H → γγ as an example, we can write
where κ i = 1 means the measured coupling equals to the SM value. The scale factor κ F is the fermion factor with κ F = κ t = κ b = κ τ , and κ V is the vector scale factor with κ V = κ W = κ Z .
λ ij is the ratio of κ i and κ j . From the figure, we can see that no significant deviations have been observed! Note that the current data is only sensitive to the couplings between Higgs boson and gauge bosons/heavy fermions. In order to fully test SM, especially the Higgs potential, the measurements of Higgs self-coupling are needed. There are many theoretical works on this topic [8] [9] [10] [11] [12] [13] [14] [15] , and LHC can probe such coupling only after accumulating more data.
In the SM, the accumulated Higgs data came mainly from gluon-gluon fusion processes.
Besides the gluon fusion channel, other Higgs boson production mechanisms also need to be tested. The Higgs associated production with vector boson (VH) has not been seen in the experiments [16, 17] . The vector boson fusion (VBF) production channel is also very interesting while challenging to study. The observed significance of VBF channel is quite low which is only 1.3σ [18] . The Higgs associated production with top is important to measure top-Higgs coupling directly. This production channel has been studied for Higgs decay to diphoton, multi-leptons and bottom quark, and no signal has been observed yet [18] [19] [20] .
In order to pin down whether the new particle is the SM Higgs boson or not, the measurement of Higgs spin-parity is necessary. ATLAS and CMS have already done such measurement based on the data of LHC with √ s = 7, 8TeV, L ∼ 20fb −1 [21, 22] . The data are compatible with the SM prediction, namely J P = 0 + . The ATLAS and CMS excluded similar analysis [27, 28] , and they also found no deviations from SM backgrounds.
One more interesting direction is searching for the exotic decay of the SM-like Higgs boson. For various BSM models, Higgs boson could decay into particles not in the SM zoo.
In Ref. [24] , the ATLAS collaboration searched for Higgs decay into invisible particles (e.g. dark matter) in the ZH associate production with Z decay leptonically. No deviation from SM expectation has been observed. CMS collaboration has also done similar analysis [29, 30] for ZH production channel, with Z decay hadroniclly and leptonically. A combination with VBF production has already been searched by CMS in [31] , and no positive signal has been seen.
III. EXTRA HIGGS BOSON IN BSM MODELS
Besides one doublet in the SM, BSM usually contains more scalar fields. In 2-Higgs doublet model (2HDM) [32, 33] , one more doublet is added into the model. Two Higgs doublets are also required in minimal SUSY models, because the superpotential must be a holomorphic function of the chiral supermultiplets and one is not allowed to take a complex conjugation of them as in the SM. Moreover this can also keep the theory anomaly free. SUSY is a symmetry between bosons and fermions [34] [35] [36] [37] [38] [39] . It cancels the quadratic loop divergence of Higgs mass by adding the SM particle partners, which solves the hierarchy problem in an elegant way. In the minimal supersymmetric standard model (MSSM) which is a highly constrained Type-II 2HDM, there are two Higgs doublets and predict five physical Higgs bosons . By the remarkable idea of relating bosons and fermions, it also requires that there are a gluino (g), the super partner of gluon, squark (q), partners of all SM quarks, two partners of W ± and H ± named chargino (χ In type-II 2HDM, the coupling among charged Higgs boson and quarks can be written as
where P L/R = (1 ∓ γ 5 )/2 is the chirality projector. Here tan β is a crucial parameter of 2HDM which is defined as the ratio between the vacuum expectation values of two Higgs doublet. As indicated in Eq.2, the coupling strength is proportional to the fermion's mass.
We can consider the most massive fermions: the third generation. Thanks to its heavy mass, the top-quark decays promptly so that the chirality information of top can be kept in its decay products. With this idea, we can use the decay products to reconstruct the top-quark and its polarization information, and measure tan β with better precision.
Charged Higgs in type-II 2HDM can be produced in three ways: 
These two process both generate one top-quark, one anti-top-quark and a bottom-quark which can not be distinguished by the final states. If we want to probe the H +t b coupling, we should take care of the different origin of the anti-top in two process: thet of process (3) is the decay product of charged Higgs, while thet in process (4) is associated produced with the charged Higgs. We calculate the helicity amplitudes of different processes and obtain their degree of top polarization respectively as [53, 54] ,
The distribution of dilution factorR prod as a function of the c.m. energy √ŝ of the hard scattering process for m H ± = 400 GeV and m H ± = 600 GeV is shown in Fig. 2 . From the figure, we can find the absolute value of the dilution factor is less than 0.5 and the sign of the dilution factor can turn from negative in the threshold region of the tH − to positive in the large invariant mass region. The sign of the dilution factor is very important for the measurement of top polarization. Therefore, we focus our attention on the anti-top from the H − decay rather than the associated production with the H + .
Since we searching for the events with one top-quark, one anti-top-quark and a bottom/anti-bottom-quark which can not be distinguished by the final states both, gb → with m H ± = 400 GeV(solid black) and m H ± = 600 GeV (dashed red) [47] .
tH − and gb →tH + process can contribute to the signal. Since we are interested in the polarization of anti-top from the charged Higgs decay, we call gb →tH + as irreducible background. Here we have two tasks: one is to distinguish the gb → tH − from gb →tH + , and the other is to suppress the SM backgrounds. We demandt → l −bν and t → bjj.
The anti-top polarization can be inferred via the angular distribution of charged leptons as described below. The signal and backgrounds are :
where j b means b-jet contains b orb. Note that our analysis in this work is at parton level.
There are five jets in the final states. We order the five jets in the final states by their p T and examine their p T distributions [47] . Based on these information we can introduce the basic p T cut conditions on signal and backgrounds as:
In order to suppress the huge SM background, we need to reconstruct the intermediate states.
We use χ 2 -template method [55] to reconstruct the tt pair and singles out the extra jet:
where ∆m 2 x is mass width for x particle which is calculated in SM. At the same time, we use the W -boson on-shell condition to reconstruct neutrino:
We also scrutinize the distribution of mt jextra and p T (j extra ) [47] and introduce the cut conditions to distinguish gb → tH − from gb →tH + :
Finally, we demand the extra jet to be a b jet and choose the b-tag efficiency as 60% and mistagging efficiency as 2%. The cut efficiency is listed in Tab. I. We can get the significance of the signal well above 5σ for a broad range of tan β. Even for tan β = 6, there are more than 300 events survive for m H ± = 400 GeV at the 14 TeV LHC with an integrated luminosity of 100 f b −1 .
With the reconstructedt, j extra and H − and enough significance, we can measure the anti-top's polarization. Here we define an angle between the charged lepton momentum in the rest frame oft to the anti-top momentum in the rest frame of H − :
Given the distribution of dσ σd cos θ hel , we can get the polarization of the anti-top quark via
where N i means the rescaled event number of the ith bin in the distribution of dσ σd cos θ hel . In our analysis, there are only 10 bins distributed between cos θ hel = −1 and cos θ hel = 1, so the i is from 1 to 10. For simplicity, we introduce the statistical error of the degree of anti-top polarization as following:
The polarization degree of the anti-top quark as a function of tan β is shown in Fig. 3 .
is also plotted for comparison. The anti-top quark polarization is a good we consider the possibility of Higgs pair can be produced as the decay product of a new resonance [67] . Compared to the case in the SM, the signal can be greatly enhanced [68, 69] .
For simplicity, we analyze the process in the effective Lagrangian, which is written as
Here scalar S can couple with colored particles in the loop and the coupling strength with gluon-gluon depends on specific models. The S can couple with SM-like Higgs H through a portal-like potential which provides the significant branching ratio for S decaying into HH. It should be noted that ATLAS and CMS looked for heavy Higgs bosons via their SM-like decay channels. In this work we assume that the other decay branching ratios of S are negligibly small. To consider the constraints from experiments and give a allowed cross section for pp → S → HH, we discuss the resonant production of S in the context of renormalizable coloron model [70] [71] [72] . It should be noted that in 2HDM this resonant production process can occur for suitable parameters. In the coloron model, the strong gauge group is SU(3) 1 × SU(3) 2 , which is broken down to SU(3) S in the standard model.
The spontaneous breaking is provided by a complex scalar field Φ, which has representation of (3, 3) and obtains a diagonal vacuum expectation value (vev). There is another complex scalar φ providing the spontaneous breaking of SU (2 to Ref. [73] in Table. II: 
We generate the signal and background events in Madgraph with the default cut conditions. The events are put into pythia and PGS to do detector simulation. The corss section after the basic cut for signal is 0.038pb and for backgrounds are: σ(bbτ τ ) = 2.57pb, σ(jjτ τ ) = 125.88pb, σ(tt) = 5.24pb. We require that each event contains at least two jets and two τ with p T ≥ 20GeV. The cut effeciency for signal is 1/6 and for background is 1/10. We then reorder the jets and hadronic τ with p T = p 2 x + p 2 y :
We define
and compare the different distribution of p T and H T . In order to suppress backgrounds, we choose the basic cut conditions as
In order to further suppress the huge backgrounds, we try to reconstruct the intermediate states and study their properties. There are two jets and two hadronic-decay τ which come from two H respectively. We use their information to reconstruct the momentum of H and S. We can also obtain the invariant mass of jj, τ τ and jjτ τ . Because H is boosted, the p T , ∆R jj = ∆η 
VI. CONCLUSION AND DISCUSSION
The discovery of SM-like Higgs boson is a big progress for the particle physics and opens a new research era for the BSM. In this short review, we focus on the topic of extra neutral and charged Higgs bosons at the LHC.
The charged Higgs is an ambiguous signature for the BSM. Utilizing the top polarization information, tan β in the type-II 2HDM can be measured to a good precision, especially for the intermediate tan β. All of our analysis are based on tree-level estimation for the signal and background. The NLO QCD correction of gb → H − t have been estimated long time ago [48, 75] . Though the K-factor is roughly 1.8, the correction will not change our result significantly because the degree of top polarization is insensitive to higher-order correction.
Our analysis is at parton-level, and the parton shower and hadronization can change the jets information. However for hard jets with large p T as required to suppress backgrounds, such effects should be insignificant.
The pair production of SM-like Higgs bosons can be the good probe for extra neutral Higgs boson, though the cross section in the SM is small. The signal can be enhanced due to the resonance production of the extra neutral Higgs boson. Our analysis was carried out in effective Lagrangian. In fact such signal can exist in many BSM models, for example 2HDM for specific parameter set and the coloron model. Our numerical results show that the most promising modes are HH → bbγγ and bbτ − τ + , and the less promising modes areHH → bbbb and bbW W * . The detailed results can be found in table V.
In the BSM models, the extended Higgs sectors are usually required. Discovering such new particles and measuring their properties will be the interesting topic for the LHC and future high energy colliders.
